Abstract: Due to the current challenges of climate change, population growth in urban settlements and resource depletion, agri-food researchers have put an increasing emphasis on the sustainability transitions of food systems. In this regard, there has been an increasing interest in the local food supply of cities and their surrounding regions, as local food is considered to be a contributing factor toward more sustainable, resilient and just urban food systems. Based on this background, a roadmapping process was conducted to assess the status quo and to identify measures to enhance the local food supply in the city-region of Graz in Austria. We conducted semi-structured interviews with 47 stakeholders, analysed textual materials and calculated food carrying capacities. The obtained data served as input for a series of three workshops, where measures were derived. Our results suggest that cooperation among agri-food stakeholders should be facilitated by local decision makers in order to promote food from regional sources within the target area. Furthermore, smart technologies can help to scale-up local food supply schemes, and to track down food stocks and flows more efficiently. Besides, food policy councils and open food labs can help to incubate food product innovations and to support partnerships among agri-food stakeholders, including local small-scale farmers. In the future, engagement and empowerment processes with local food stakeholders should be addressed to enable transformational processes. Roadmaps can help to initiate such processes.
Introduction
Agri-food researchers agree that urban food systems need to undergo a transition toward sustainability to equally tackle economic, social and ecological obstacles that are caused by a set of intersecting challenges, including climate change, population growth, ecosystem degradation, social inequalities, price volatilities, water scarcity and biodiversity loss [1] . Therefore, lately, increasing attention has been on assessing and planning more sustainable and resilient urban food systems [2] [3] [4] . In this respect, conceptual links between city planning and urban food system research have also been investigated under the "smart food city" framework [5] .
From a consumer perspective, the data indicates that in Western countries consumers have been increasingly concerned about food-related social, ecological and economic problems [6] . In particular, short food supply chains (SFSC) gained momentum because they are promising to enhance food safety, social capital and local economies and to strengthen consumer-producer relations [7] . In this regard, the European Union has also put local food systems on their agri-political agenda (e.g., see [6, 8] ). "Sustainable consumers" have altered their demands in favour of local and regional agricultural products due to growing consumers' mistrust in the globalized agri-food system. This provided incentives for producers to establish alternative forms of local food supply schemes such as box schemes, community supported agricultures, direct marketing and farmer markets [9] . Hence, consumption shifts from "food from nowhere" (i.e., food from mainstream food supply chains) to "food from here" (i.e., food from alternative food supply chains) [10] were favoured by the re-creation of forms of relational proximity between consumers and producers, especially in urban regions [11] . Indeed, there is a rich potential for urban regions in Europe to increase the local food supply [12] .
Furthermore, to address food-related challenges, several cities in Anglo-American countries have introduced food policies. Cities such as Toronto, London and New York started to integrate food topics into urban planning schemes [2, 4] . In Europe, a growing number of cities have also indicated interests into the integration of food issues in urban political agendas. One reason for the rise of urban food policies is international declarations such as the Milan Urban Food Policy Pact, which promote local food systems in city governments [4] .
While the early literature on local food supply has focused on the mere descriptions of food flows, more elaborated approaches and conceptual tools gained momentum over the previous years. Concepts such as alternative food networks, foodshed analysis and city-region food systems (CRFS) moved beyond the description and analysis of local food flows and focused on the interactions of local food resource flows with multiple actors of urban settlements, including consumers, representatives of political agencies and food activists [13] . CRFS focuses on relationships between cities and their surrounding areas and makes use of territorial approaches from rural studies, the concept of foodsheds, urban food governance literature and empirical observations of food policy initiatives [14] .
Thus, research on urban food systems is increasingly concerned with assessing potentials for cities to "localize" their food supply through their surrounding areas [15, 16] . However, approaches of how targeted measures can be put into place based on a stakeholder-driven process with local food actors are not described in the literature so far.
Based on this background, we present a case study that used a multi-stakeholder roadmapping approach to identify measures for enhancing the local food supply of a city-region in Austria. The research process was guided by the question of how a resource-efficient local food supply may be enhanced in the target area. To support our roadmapping process with data, we analyzed textual materials, including national and international reference projects on the local food supply in urban areas and conducted semi-structured interviews with multiple local agri-food stakeholders. Furthermore, we calculated territorial food-carrying capacities by means of food self-sufficiency rates (FSSR) for seven food items. Finally, a set of measures that were considered as promising to enhance the local food supply in the prospective years within the target area has been derived with and evaluated by local agri-food stakeholders.
The subsequent sections of this article are organized as follows: Section 2 continues with a description of the case study area and states the methodological approach and the research process. Section 3 presents the main results of the research process. Section 4 discusses the results by referring to the current agri-food literature and concludes the article.
Materials and Methods

Case Study Area
The case study was situated in the Austrian federal state Styria. It involved the Styrian capital city Graz and its surrounding districts Graz Umgebung, Voitsberg, Deutschlandsberg, Leibnitz, Südoststeiermark and Weiz (Figure 1 ). The landscape of the target area is diverse, and includes hilly uplands (Deutschlandsberg), flatlands with urban and sub-urban characteristics (i.e., Basin of Graz) and rural, alpine and semi-alpine landscapes (Weiz, Graz-Umgebung, and Voitsberg). During summer, the climatic conditions are mild due to Mediterranean weather influences from the south and east. Therefore, maize is the dominant crop type in the southern parts of the target region. Animal husbandry is an important feature within the target area, which is dominated by pig farming. In 2018, almost 40 percent of the Austrian pig meat production came from Styria. Besides, the area is known for its high-quality food production, including wine (Welschriesling, vitis vinifera L.), an intensive production of apples (including Arlet, Kronprinz Rudolf, Topaz, Jonagold, and Elstar) and "Styrian pumpkin seed oil Protected Geographical Indication" (Cucurbita pepo var. Styriaca L.).
The city of Graz is Austria's second largest city with 282,292 inhabitants (January 2018). Currently, it is the fastest growing city in Austria due to rural-urban migration trends. If past population trends will continue, the population will increase by 50,000 people until 2030 [17] . In previous years, agriculture in Styria underwent notable structural changes. From 1999 to 2010, the number of farms dropped from 24,903 to 18,313. Besides, from 2003 to 2015 the agricultural land use declined from 490,150 to 372,655 hectares. In 2013, 60.7 percent of the farms were run as secondary occupations, and 78 percent of farm employees were family members. Besides, 68 percent of farm owners were older than 45 years. This indicates that, similar to other regions in Europe, the area will likely experience a loss of family-run small scale farms in the upcoming years [18] . Structural changes in the agricultural landscape combined with rural-urban migration trends call for effective measures to enable a sustainable urban food system. Styria is referred as the "Green Heart" of Austria because 61.4 percent of its land is covered with forest. Consequently, forestry is the dominant farm type in the case study area (32% of all farms), followed by crop cultivation (21%), orcharding (including apples, pears, peaches, apricots and berries) (14%), permanent crops (12%), mixed agriculture including meat and milk production (10%), food refinement (10%), horticulture (1%) and other agricultural types such as community-supported agriculture (0.2%). In 2013, 196,630 hectares of land were devoted to agricultural land use within the case study area, which is subdivided into cropland (48%), permanent grassland (45%) and permanent crop land (7%).
Several strategies and actions have been implemented in the case study area to promote the local food supply. For instance, since 2008, 30 restaurants take part in the marketing strategy called "Genusshauptstadt", which aims to increase the use of local products in local restaurants. Besides, umbrella marketing brands such as "Genuss Region Steiermark" and "Gutes vom Bauernhof" aim to raise the attention of consumers toward locally produced food products. The latter is a nation-wide Animal husbandry is an important feature within the target area, which is dominated by pig farming. In 2018, almost 40 percent of the Austrian pig meat production came from Styria. Besides, the area is known for its high-quality food production, including wine (Welschriesling, vitis vinifera L.), an intensive production of apples (including Arlet, Kronprinz Rudolf, Topaz, Jonagold, and Elstar) and "Styrian pumpkin seed oil Protected Geographical Indication" (Cucurbita pepo var. Styriaca L.).
Several strategies and actions have been implemented in the case study area to promote the local food supply. For instance, since 2008, 30 restaurants take part in the marketing strategy called "Genusshauptstadt", which aims to increase the use of local products in local restaurants. Besides, umbrella marketing brands such as "Genuss Region Steiermark" and "Gutes vom Bauernhof" aim to raise the attention of consumers toward locally produced food products. The latter is a nation-wide direct marketing label, under which farmers can promote local food products. It guarantees consumers that branded products originate from and are processed by local farmers. In Austria, more than 1700 farmers are part of this direct marketing strategy, of which 578 are situated in the case study area. This indicates that direct marketing is an important income source for local farmers.
Method: Roadmapping
We based our methodologic approach on technology roadmapping (TRM). TRM is a flexible planning and assessment method that has been used to support strategic and long-term planning in organizational settings reaching from small-scale enterprises to large-scale government policy projects [19] . The origin of the approach can be traced back to the 1970s, when Motorola took up the approach from the automotive sector and used it to balance short and long-term issues of different disciplines within their company [20] . In general, Phaal et al. (2004) [21] distinguish two perspectives where TRM is applicable: (1) A single company's perspective, where roadmapping allows the integration of technology developments with business planning and the assessment of the impact of technologies and market developments; (2) A multi-organizational perspective, where TRM is used to understand environmental landscapes, threats and opportunities for a specific group of stakeholders, a particular technology or a particular system (e.g., [22] [23] [24] ). In the latter context, TRM has been used to map transitions of entire systems, including macro-ecological factors such as policy, infrastructural and regulatory developments [25] . Our TRM approach is centered in the latter domain, for we aimed to identify strategic measures that can contribute to a transition of an urban food system toward an enhanced local and resource-efficient food supply.
No commonly held definition of TRM exists [26] . Nevertheless, most roadmapping approaches have three stages in common. First, in the initiation stage the purpose and frame of the roadmap is defined. This includes the development of an understanding of the current situation and the identification, selection and integration of appropriate stakeholders and experts into the research process. Second, in the engagement stage workshops are used to synthesize the data into pathways and strategic measures. Third, the follow-up phase integrates the results of the process into current activities. Three questions lead a TRM process: (1) Where do we want to go? (2) Where are we now? and (3) How can we get there? [19, 21, 27 ]. Our roadmapping approach followed these basic steps and is shown with more details in Figure 2 . direct marketing label, under which farmers can promote local food products. It guarantees consumers that branded products originate from and are processed by local farmers. In Austria, more than 1700 farmers are part of this direct marketing strategy, of which 578 are situated in the case study area. This indicates that direct marketing is an important income source for local farmers.
No commonly held definition of TRM exists [26] . Nevertheless, most roadmapping approaches have three stages in common. First, in the initiation stage the purpose and frame of the roadmap is defined. This includes the development of an understanding of the current situation and the identification, selection and integration of appropriate stakeholders and experts into the research process. Second, in the engagement stage workshops are used to synthesize the data into pathways and strategic measures. Third, the follow-up phase integrates the results of the process into current activities. Three questions lead a TRM process: (1) Where do we want to go? (2) Where are we now? and (3) How can we get there? [19, 21, 27 ]. Our roadmapping approach followed these basic steps and is shown with more details in Figure 2 . The first phase involved an assessment of the baseline conditions through the analysis of local food carrying capacities, semi-structured stakeholder interviews and documents. The obtained data represented the basis for a series of three workshops, where the roadmap was compiled, and measures were derived. During the third phase, we used the roadmap to communicate results of the process science to the public via museum exhibitions and multiplier events. In addition, we presented the roadmap and results of the research process to local authorities, which led to follow-up activities.
Phase I
Materials: Roadmapping Framing
We considered three types of data to assess the status quo of the target food system: (I) the data from the assessment of textual materials, including project reports, best practice examples, national and international reference projects, and academic and government reports that focused on enhancing the local food supply in urban areas; (II) the data from semi-structured stakeholder interviews; and (III) the calculation of food self-sufficiency rates. The subsequent paragraphs will briefly describe the interviewing and content analysis approach. Furthermore, the calculated food self-sufficiency rates and interpretation for the food region will be stated.
Stakeholder Interviews and Textual Materials
We aimed to include agri-food stakeholders from diverse backgrounds in our research. Prior to the interviews, we defined nine stakeholder categories. The categories of (1) agricultural production, (2) food processing, (3) logistics and infrastructure, (4) distribution and marketing and (5) consumers referred to stakeholders as part of the agri-food chain. The categories of (6) environment and natural resources, (7) economics, (8) society and education, (9) science and (10) politics and administration were used to include perspectives of macro-environmental stakeholders into the process.
Based on these categories, a list of 174 stakeholders was gathered. It contained persons that occupied a key role in their respective category. We prioritized stakeholders that either had a multiplier role and/or were decisions makers. This allowed us to narrow down the list to 60 persons, who were contacted. Finally, 47 semi-structured interviews that took between 30 and 60 min have been conducted. Note that the goal of the interviews was not to achieve a statistically representative sample, but to gain a comprehensive picture about opinions, ideas and perception toward enhancing the local food supply within the target area. Table 1 states the stakeholder categories and the number of stakeholders interviewed per category. Note that the stakeholder category "Science" consisted of researchers with different backgrounds such as food technologies, resource management and sustainability sciences, and the stakeholder category "Agricultural Production" consisted of farmers that held different farm types. Prior to the interviews, we developed an interview guideline that consisted of three parts. The first part involved questions about known initiatives and activities that have been established or have been planned to support the local food supply within the target area. The second part involved questions on the strengths and weaknesses of the current local food supply status. Finally, we asked stakeholders about factors that might hinder or facilitate the local food supply in upcoming years. In addition, we conducted a content analysis of national and international reference initiatives, projects, publications, and official policy documents. We included textual materials in the domain of agriculture, food, environment and planning at the federal and local levels that focused on local food supply provision.
We conducted a qualitative content analysis based on Mayring (2010) [28] . In a first step, we reduced the textual materials and semi-structured interview to 1061 paraphrases that were linked to improve the local food supply. In a second step, we categorized the paraphrases into five categories and 39 topics. The categories are: (1) cooperation of stakeholders, (2) acceptance of regional food, (3) availability of resources, (4) logistics and (5) political measures (see Appendix A).
Local Food Self-Sufficiency Rates
To increase the sustainability and resilience of food systems, knowledge about territorial food carrying capacities should exist [29] . Therefore, we calculated the food self-sufficiency rates for seven food items: (1) vegetables, (2) fruits, (3) wheat, (4) milk, (5) meat, (6) eggs and (7) fish. These food items were chosen because they represent basic food items of standard food pyramids (e.g., see [30] ). We defined the city-region to be food self-sufficient when its total production suffices to meet its total consumption for the respective food item.
The data on the actual regional food production was available for milk. For the food items vegetables, fruits and crops, we multiplied the cultivated land area in hectares by the average annual yields in tons per hectare. The data on the average yields were obtained from the local Chamber of Agriculture and from the local agency of statistics [31] . When the data was missing or of poor quality, telephone interviews with experts were conducted.
To calculate the annual production of eggs, we took the number of lay-hens and multiplied it by the annual laying performance according to Hegelund et al. (2006) [32] . Note that Hegelund et al. (2006) [32] considered only organic and free-range lay-hens in Denmark in their study (i.e., lay-hens from cage systems were excluded). As lay-hens in cage systems make up only one percent of the total egg production in Austria, the laying performances used can be assumed to resemble the actual laying performances of lay-hens in Austria.
The total annual meat production was calculated by the total number of animals slaughtered in 2015 in kg multiplied by their edible shares according to Statistik Austria (2016) [33] . For fish, the data was only available at the national level. In 2015, the Austrian aquaculture had a total production of 3503 tons of fish meat, which is contrasted by an estimated national consumption for fish of about 63,000 tons or an annual per capita consumption of 7.25 kg of fish meat. To calculate the total regional food consumption, we took the average Austrian per capita consumption of the past 5 years (2011-2015) for each food item and multiplied it by the number of persons living in the area in 2015. The resulting production and consumption capacities are provided in Table 2 .
The FSSR were calculated as the quotient of production divided by consumption (see Table 3 for the resulting FSSR). The FSSR for the year 2030 were extrapolated by applying the future projected number of the local population [17] . Note that in our calculations we assumed that the production and per capita consumption do not change over time. Besides, food exports, food imports and food waste along the food supply chain were not included in our calculations. Table 2 . The calculated production and consumption in tons for the respective food item for the year 2015. Vegetables include legume; Fruits include apples, pears, peaches, apricots and berries; Crops include bread grain and potatoes; Milk includes milk products butter, cheese and cream; Meat includes pig, cattle and chicken. The production quantities for vegetables, fruits and crops were calculated by multiplying the cultivated land by the average yields per hectare. The consumption quantities have been calculated by multiplying the average Austrian per capita consumption by the number of persons living in the area. Eggs were calculated by multiplying the number of lay hens by the average laying performances. We assumed an average weight of 60 g per egg. Due to missing data, the production quantities for fish could not be calculated. The recommended consumption was calculated by multiplying the recommended per capita consumption per food item by the number of persons living in the case study area. The recommended consumption represents the total amount of food consumed if people would follow the national dietary recommendations. Source: The data for average yields was derived from Steirische Statistiken (2017) [31] and Statistik Austria (2018) [34] . The data for fish production was derived from BMNT (2019) [35] . The data for the recommended consumption was derived from Elmadfa (2012) [36] . The data for milk was derived from AMA (2016) [37] . 
Food Items Production (t) Consumption (t) Recommended Consumption (t)
FSSR and Interpretation
We found that the city-region would be self-sufficient for the food items fruit (325%) and eggs (100%). An explanation of why the area has an exceptional high fruit SSR is that in the eastern part of the city-region (i.e., district Weiz), the climatic conditions are particularly suitable for the cultivation of apples. Approximately 80 percent of the total apple production in Austria originates from this district. In contrast to this, the SSR for vegetables (26%) and crop (38%) were comparably small. The reasons for this are topographical limitations within the case study area, i.e., hilly and semi-alpine landscapes that make the large-scale cultivations of vegetables less favourable. Besides, a significant share of land is used for the cultivation of crop for feedstuff (approx. 533,386 tons in 2015). The SSR for milk (59%) was smaller compared to the national FSSR rates (162%), since milk is traditionally produced in Austria in alpine regions. We assumed the FSSR for fish to be less than five percent, since only a few small-scale fish farms are registered in the target area.
In addition to these calculations, we were also interested in whether the FSSR change if the target population would follow national dietary recommendations. Therefore, we calculated the average annual per capita consumption based on the recommended daily food intake of the Austrian national food report and divided it by the current food reference production. The resulting FSSR are presented in Table 3 with an asterisk.
For crop, the FSSR would not significantly change, whereas the meat-SSR would increase from 45 percent to 151 percent and the egg-SSR from 100 percent to 151 percent. This did not come as a surprise because, according to the FAO, the Austrian daily caloric per capita intake is amongst the highest on the globe (approx. 3800 kcal), where animal-based food products make up a significant share of the total calories consumed. Interestingly, however, the same does not hold for the milk-SSR. In fact, our calculations revealed that the SSR would decrease from 59 percent to 40 percent. An explanation is that according to Elmadfa (2012) the Austrian population consumes less milk than recommended. Thus, if the regional population would follow the national dietary recommendations, the FSSR would drop from 59 percent to 40 percent, and the items vegetables' and fruits' FSSR would both decrease (vegetables from 26% to 17%, and fruit from 325% to 247%).
The calculation of the FSSR together with the assessment of the textual materials and interviews helped participants of the workshops to receive a rich picture and understanding of the status quo of the target region.
Workshops
Over the course of three days, three moderated expert workshops took place. We (i.e., the authors of the paper), together with five food experts, took part in these workshops. These meetings allowed participants to articulate their perceptions over the previously gathered data. During the first workshop, we presented a summary of the collected and assessed data. Based on the obtained data, the two questions "Where do we want to go?" (i.e., toward an enhanced local food supply within the case-study area) and "Where are we now?" were addressed (Figure 2 ). Factors for a transformation of the target system toward a more local food system were discussed. During the second workshop, the participants were split into two groups. Each group was asked to locate the 39 topics on the roadmap structure and to draw relations to other measures where applicable. Elements of design thinking and storytelling were used to articulate measures and to visualize potential roadmap pathways. Subsequently, participants of one group were asked to annotate the results of the other group. The second workshop ended with a prototype version of the roadmap. During the third workshop, 18 agri-food stakeholders were invited to evaluate the roadmap and its proposed measures. Feedback from the third workshop was incorporated into revisions for the final roadmap. The final roadmap consisted of five measures: (1) food dialogue, (2) market basket for local food, (3) farmer markets 2.0, (4) open food innovation labs and (5) food policy council.
Results
Our roadmapping approach resulted in a wide range of factors including economic incentives, social awareness, policy measures, educational approaches, and technological and socio-technological innovations that were perceived to be pivotal to transform the target food system from the current state to a more local and resource-efficient state. We summarized these factors in five topics, which will be presented in what follows.
Stakeholder Cooperation
During the stakeholder interviews a reoccurring topic was the lack of cooperation between the multiple stakeholders of the food system. This is illustrated by the following two examples. When chefs of communal kitchens were asked about reasons that prevent them from increasing the share of local food products on their menu, they stated that either farmers cannot provide sufficient quantities of the required products over extended time periods, or they cannot provide food in the required qualities (e.g., to fulfil hygienic standards; standards with respect to the size such as pre-cut salads; standards for cook-and-chill kitchen systems). In contrast to this, it was found either that farmers were unaware of these requirements or that they did not want to participate in cooperation schemes. They stated reservations such as a mistrust in collaboration schemes with other farmers or they perceived the dependency on single purchasers as being critical.
Furthermore, it was frequently mentioned that a common marketing strategy should exist to promote local food more efficiently to consumers. Currently, too many marketing approaches such as labels and platforms exist, which is a source of confusion for consumers as they rather wish to derive information from single sources. Consequently, local food marketing actors should work out a common marketing strategy for the city-region.
Based on this background, "food dialogue" was identified as a central measure. It is understood as a participatory instrument to facilitate the communication between multiple agri-food actors, including local food producers, distributers, retailers and consumers. Such dialogues bring together local food actors to address food supply topics at multiple scales. For instance, food dialogues can discuss innovative direct marketing strategies for small-scale farmers, or work out plans for unique food distribution schemes (e.g., farm-to-school concepts). These dialogues should be supported by local authorities (e.g., in terms of physical resources such as providing rooms and equipment) and be announced on platforms and local newspapers to encourage local citizens to participate. Thus, food dialogues can be approached as socio-economic, intellectual and political spaces. Such spaces are critical factors to support the establishments of sustainable food systems [38] .
Urban Food Governance
During the interviews and workshops, a political will to transform the local food system was considered as a crucial component to strategically alter the food system in favour of a local and sustainable food supply. As a result, a food policy council (FPC) was proposed. FPCs are an democratic instrument to manage food issues at the local, state and regional levels by involving a wide range of private and public stakeholders [39] . They are usually constituted by a group of representatives from various domains, such as government officials, farmers, grocers, business people and members of NGOs [40] .
Several domains have been stated where an FPC would be able to set measures to facilitate food localisation in the city-region. For instance, when confronted with the fact that in previous years the agricultural land use was declining in the city-region, it was noted that food should become an element in local spatial plans. In this context, an FPC would be able to counteract the loss of agricultural land by implementing measures such as a "food cadaster" that conserves land for food production. Another political measure an FPC can address is public food procurement strategies. For instance, in tendering processes, incentives to favour local food should be established. Considering that food purchasing and catering services make up a significant share of public procurement budgets [41] , increasing the share of locally produced food products in hospitals, schools and companies can help to increase the sustainability of the national public sector procurements strategies.
A specific challenge that stakeholders identified was to increase the consumption of local food among all social classes. As such, it was critically noted that local food must be made more accessible to economically less privileged people. How this can be done is illustrated in the case of New York. The city has implemented a food stamp programme that allowed recipients of federal food benefits the practice of shopping at farmers' markets [42] . Additionally, an FPC would also allow the city-region to link food topics with other city planning schemes such as smart city concepts.
Market Basket for Local Food
The calculation of the FSSR provided insights into theoretical local food carrying capacities. In this regard, during the workshops, it was discussed that strategically planning and managing a transition of the target food system toward more local and sustainable food practices would require the establishment of an instrument that elicits consumer-producer data and quantifies local food stocks and flows. Therefore, in reference to the market basket of consumer goods, a market basket for local food has been proposed. The basket consists of typical locally produced food products, and it monitors prices and quantities. Furthermore, to promote sustainable food consumption patterns, a reference basket should be defined in accordance with the recommendations of a healthy and environmentally friendly diet. This can help to link the health information of food pyramids with information about locally and seasonally available food products. In addition, during our research we found that empirical data on the actual share of local products consumed in the city-region do not exist. Moschitz et al. (2015) [43] have estimated that, for the city of Freiburg, Germany (i.e., a city with similar spatial extensions as Graz), local food makes up 12 to 23 percent of the total calories consumed in the region. A monitoring scheme such as the market basket can help to track down food stocks and flows more accurately within city-regions.
Scaling-Up Farmer Markets
Stakeholders perceived existing farmer markets as vital elements for the local food supply in the target city. At the same time, it was noted that traditional farmer market concepts should be scaled up to capture the increasing consumer demands and public interest into buying local food products. This would help to increase market access for small scale farmers. In this regard, a series of topics and measures have been named, which were summarized under the heading "farmer markets 2.0". Here, 2.0 denotes the opinion of stakeholders that ICT and smart technologies, such as data-driven food distribution systems, can play an important role in the local food supply schemes of future cities. This is exemplified by the following examples.
First, farmer markets should be physically and economically scaled up in terms of logistics. Measures such as the installation of pick-up box systems allow consumers to buy local food regardless of the opening hours of farmer markets. These box schemes can be combined with web-based solutions so that consumers can order food from any place, and thus they add flexibility to the practice of buying local food. Furthermore, storerooms could be implemented by local municipalities so that farmers can store their products and reduce travel frequencies to the point of sale. In addition, smart transport systems for consumers to target the last mile problem could be considered. For instance, markets can be connected to soft mobility measures such as rentable cargo bikes. This can help cities to facilitate more ecologically sound modes of traffic.
Second, scaled-up farmer markets can operate in a similar way to food logistic hubs, where the food products of small-and medium sized farmers are pooled and delivered to communal kitchens, universities and wholesale markets. In North America, food-hub schemes have proven to be beneficial in promoting locality in cities and their hinterlands [44] .
Besides, scaling-up was not only considered in terms of technological innovations, but also with reference to social-technological innovations as well. Additional physical infrastructure such as seminar rooms and shared kitchens concepts, where consumers can get in contact with farmers in other ways than buying food, were considered as enablers for more intimate consumer-producer interactions. In that way, farmer markets can operate as multifunctional socio-economic spaces, where unique food practices can emerge through the interaction of diverse stakeholders. To sum up, scaling up farmer markets was perceived as an opportunity to link the advantages of conventional and alternative food systems by making local food more accessible, enhancing economic profit and creating distinctive forms of interactions among food stakeholders.
Incubating Food Innovations
A dominant barrier to increasing the market access of small farms is the declining share of profits. As a consequence, agricultural abandonment has been named as a major challenge within the case study area. Therefore, stakeholders emphasized that supporting farmers in building economically more viable businesses is inevitable if one wants to counteract the loss of small-and medium-sized farms. The creation of innovative local food products would help to attract more consumers and, thus, contribute to the economic stability of their businesses. However, small farms often lack the economic resources and knowledge to experiment for novel food products. To address this challenge, "open food labs" that offer technologies, resources and knowledge, for instance to local farmers and start-ups, so that they can design, process and market unique local food products, have been proposed as a strategic measure. Open food labs can function as "protected spaces", where entrepreneurs experiment for novel product innovations, while at the same time reducing financial risks. In these labs, farmers can collaborate with other food actors, including scientists, students and entrepreneurs, to engage in learning processes. The conditions for scaling-up food innovations can be created by establishing a network of actors such as farmers, food scientists and entrepreneurs who share the debate for new marketing approaches and who mutually learn from each other.
Discussion and Conclusions
We integrated perspectives of multiple agri-food stakeholders into the research process. The engagement of a broad range of stakeholders is crucial because it broadens the spectrum of issues that are addressed and supports a robustness of knowledge [45] . Besides, the data from textual materials and the calculation of local food carrying capacities served as inputs for a series of three workshops. We found that, under the current production and consumption patterns, the area is food self-sufficient for the food items fruit and eggs, and if people would follow dietary recommendations the area could be self-sufficient for meat as well. However, in our calculations we did not consider food exports, food waste along the food chain and agricultural inputs such as feed and fertilizers.
We found that a lack of cooperation between stakeholders was perceived as a significant barrier to enhance the local food supply. This is in line with the findings of Lutz et al. (2017) [46] , who state that small-scale farmers often lack the time and knowledge to set up new cooperation with farmers, consumers or institutions. However, cooperation between these stakeholders can contribute significantly to an optimization of local farming and food supply systems through shared infrastructure and logistics. Respectively, we identified so-called "food dialogues" to mutually connect agri-food stakeholders and to facilitate the establishment of a local food cooperation.
Nevertheless, new forms of cooperation are likely to be insufficient when they are not embedded with the plans of local politics. In their research on local food initiatives in France, Bui et al. (2016) [47] have found that local food actors had a greater impact on the current agri-food system when their actions were linked to local authorities. To support the linking processes between public authorities and local food actors, food policy councils have been perceived as a vital element toward an enhanced local food supply. As Clayton et al. (2015) [39] note, partnerships between public authorities and local food actors can enhance actor networks, and incubate technological and organizational innovations along food value chains [48] . Consequently, FPC can support the linking of actions from the niche-level with the regime plans of local authorities in order to scale up.
The socio-demographic data of local farm holders in the case study area suggest that in the upcoming years the loss of small scale-family run farms will likely continue. To address this issue, incentives to support new market entrants and young farmers are promising because empirical observations suggest that new entrants tend to be more innovative in terms of farming types and marketing strategies and that young sole holders tend to operate economically more robust farms compared to their older counterparts [18] . Open food labs can be one way to support the entrepreneurial intentions of farmers and local food actors. As Meynard et al. (2017) [48] note, the development of niches outside the dominant socio-technical regime, where new forms of knowledge and novel partnerships amongst food actors can emerge, is a decisive factor in enabling sustainable transitions of agri-food systems. In this context, an open food lab can function as a "locus for innovation" to support experimenting for radical innovations [49, 50] .
When it comes down to a more sustainable and resource-efficient food distribution, data-driven food distribution and transportation systems can help city planners to quantify and manage food flows more efficiently. Furthermore, in reference to the smart city concept, we found that scaling up farmer markets in terms of smart and resource-efficient logistics can be a promising way of increasing farmers' market access in the upcoming years within the case study area. In this regard, farmer markets can operate as regional food-hubs by bundling and distributing food resources from small-scale producers to larger-scale customers such as communal kitchens [44] . In North America, such food-hubs have been shown to be an effective alternative in order to reduce the negative externalities of conventional food chains and to increase food system sustainability [51] The data on local food stocks and flows are sparsely available, and to address this problem a market basket for local food has been named. It is understood as a monitoring scheme to track down and manage local food flows and stocks. For instance, it can offer information for communal kitchens about the availability of local food products. Furthermore, it can help institutions such as the Chamber of Agriculture to manage food resources and make food statistics transparent. Besides, the market basket was understood as a way to promote healthy dietary patterns, and it should be defined in accordance with the recommendations for a sustainable and healthy diet (e.g., see [30] ).
Follow-up activities constituted the third phase in our roadmapping approach. As Ahlqvist et al. (2010) [52] point out, a particular advantage of roadmaps is their visual emphasis, which allows to describe elements of future developments of a topic under investigation almost with a single glance. Therefore, the final roadmap was used to disseminate the results of the research to local authorities and to local citizens via public events such as a museum exhibition (the final roadmap can be found in Seebacher et al. (2018) [53] ). In this regard, roadmaps can be considered as "knowledge umbrellas" to depict the strategies of a specific system and to engage and empower people [54] .
Taking into consideration the nefarious sustainability problems in agriculture, such as climate change and environmental degradations [55] , it will be crucial to propose well-grounded plans to enable sustainable transitions of agri-food systems [56] . Most importantly, as Blay-Palmer et al. (2018) [14] point out, future food systems need to increase access to food, generate decent jobs and income, increase the resilience of food chains, foster urban-rural linkages, promote the ecosystem and natural resources management, and support participatory governance to become more resilient and sustainable in the future. This article describes a case study that is a contribution in this regard.
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